ABSTRACT: Simple computational method for studying elastic constants of solids is presented and applied to the case of a f.c.c. tethered crystal. It is shown that the system exhibits negative Poisson's ratio in a range of isotropic tension (negative pressure).
the system. The partition function at the constant pressure, p, can be written as: (1) where (i) in the integration over the components of the periodic box, the restrictions imposed on (to reduce the number of the free coordinates) are taken into account, (ii) the integration over all the scaled coordinates of the particles, (the vector defines coordinates of the particle n, n = 1 ,...,N and is the inverse of is performed within the unit cube, (iii) j is the Jacobian of the mapping transforming the matrix into the strain tensor, calculated with respect to the equilibrium state at p, (iv) and UN is the potential energy of the system.
In this report we present results of constant pressure simulations of the f.c.c. tethered crystal. The interaction potential of this tethered crystal is equal to zero if the distance between the interacting 1 particles does not exceed unity, and infinity otherwise. Tethered solids, introduced by Kantor, Kardar and Nelson [8] to model properties of two dimensional elastic membranes, are the simplest, purely entropic models stable in a range of negative pressures. Recently, it has been shown [9] that, in a range of uniform isotropic tensions (negative pressures), two dimensional tethered solids of hexagonal lattice exhibit negative Poisson's ratio, been also pointed out [10] , using exact arguments and free volume approximation, that such a property should occur at any dimensionality not less than two, both in harmonic and tethered solids. The harmonic and tethered solids represent the opposite 'poles' of the elasticity. The first (harmonic solid) corresponds to purely energetic mechanism, and the second (tethered solid) is governed by the entropy alone. Hence, one can expect that negative values of for a broad class of systems under uniform tension. Such a general mechanism leading to negative Poisson's ratio is in contrast to the mechanisms known before, which required either special structure of the system [11] [12] [13] [14] or special form of the intermolecular interactions [15] [16] [17] [18] .
System of N = 108 particles was studied at various negative pressures. Some runs were also performed for N = 864 particles to test any number dependence of the results. Typical runs consisted of 5 X 10 6 cycles (trial steps per particle),
i.e. were by about two orders of magnitude longer than typical runs necessary to determine the equation of state of the system with similar accuracy. The elastic constants were computed using the formula: 1 To avoid a collapse of the system, each particle can interact only with specified particles; the interacting particles form a network.
< 0. It has are characteristic where S,j is the tensor of the elastic compliances, V p is the average volume of the system at the pressure p, T is the temperature, the Boltzmann constant, means the thermodynamic averaging. The Voigt was used for the components of the strain and compliance tensors. The present simulations confirm the theoretical prediction, by the free volume approximation [10] , that the three dimensional tethered solid should exhibit negative Poisson's ratio. This fact, combined with the rigorous results available for harmonic crystals [10] , suggests that in a range of negative pressures various < 0. Systems of negative Poisson's ratios exhibit many surprising and useful properties [19] . In such a context, the general mechanism leading to negative Poisson's ratios, described in this report, can be interesting from the point of view of practical application.
